INTRODUCTION
Half the world's population today lives in urban landscapes, and it is estimated that the urban population will increase to five billion by 2030 (United Nations (U.N.) 2004). In the coming decades, the rapid increase of large urban agglomerations in the developing world, and the transformation of urban landscapes in the developed world, will be among the greatest challenges to ensuring human well-being and a viable global environment (Berkowitz et al. 2003) . As one of the major processes of global change, urbanization acts on multiple spatial, temporal, and functional scales, creating a very different social-ecological system compared with other systems (cf. McPherson et al. 1997 , Grimm et al. 2000 , Kinzig and Grove 2001 , Pickett et al. 2001 , Alberti et al. 2003 , Andersson 2006 .
Urban Green-space Management
Urban growth causes land exploitation that frequently decreases the amount and quality of green space, and leads to fragmentation and isolation of the remaining parcels of green space (Schwartz 1997 , Young and Jarvis 2001 , Stenhouse 2004 , Sandström et al. 2006b ). These declining urban ecosystems are poorly understood and often undervalued. Despite this, they are assumed to be critical sources for generating ecosystem services that are of significant value to human well-being (Bolund and Hunhammar 1999) . For example, urban vegetation may significantly reduce air pollution (Beckett et al. 1998 , Jansson and Nohrstedt 2001 , Yang et al. 2005 , mitigate the urban heat island effect (McPherson et al. 1997) , reduce noise (Berglund et al. 2004) , and enhance health; furthermore, it has important recreational and cultural values for urban citizens (Ulrich 1984 , Vandruff et al. 1995 , Grahn and Ottosson 1998 . http://www.ecologyandsociety.org/vol11/iss2/art16/ The high degree of spatial heterogeneity, the human-driven disturbance regimes, and the diversity of interests in every parcel of land in urban landscapes create extraordinary challenges for urban green-space planning and practical management (Zhang et al. 2004 , Sandström 2006a . At the same time, urban landscapes also represent an important arena for studying interactions in complex social-ecological systems (McPherson et al. 1997 , Grimm et al. 2000 , Kinzig and Grove 2001 , Pickett et al. 2001 , Alberti et al. 2003 , Elmqvist et al. 2004 , Grimm and Redman 2004 , Andersson 2006 . A recent argument for increased scientific analyses of urban landscapes is based on the view that urban areas constitute large-scale experiments on the effects of global change on ecosystems because significant warming, increased nitrogen deposition, and human domination of ecosystem processes are already prevalent in urban environments (Carreiro and Tripler 2005) . One of the most important challenges to sustainability is how to manage social-ecological systems, such as cities, in a way that does not erode their adaptive capacity and ability to cope with environmental changes (cf. Gunderson et al. 1995) . Among other things, this implies recognition of urban socialecological systems as complex adaptive systems with characteristics such as non-linearities, thresholds, and interactions across multiple scales (cf. Holling 1992 , Peterson et al. 1998 , Levin 1999 , Scheffer et al. 2001 , Angelstam et al. 2004 . The focus of this paper is on how cross-scale interactions are handled within urban green-space management.
Scales in Management
One important cause of failures in natural resource management is mismatch of scales (Folke et al. 1998) . These mismatches occur when the scales of ecological dynamics and the scales of social organization for management are aligned in a way that negatively affects the ecosystem (Cumming et al. 2006) . Among other things, incomplete knowledge of ecosystem dynamics and institutional constraints frequently leads to institutional frameworks for management that do not match the scales of ecological patterns and processes. For example, the scale of monitoring and decision making often does not match ecological spatial, temporal, or functional scales (Lee 1993 , Gunderson et al. 1995 , Holling and Meffe 1996 , Cleveland et al. 1996 , Folke et al. 1998 , Hobbs 1998 , Levin 2000 , Carpenter and Gunderson 2001 , Young 2002 , Angelstam 2003 . Ecological scales can be described using a threepart typology: spatial, temporal, and functional scales (Lee 1993) . Spatial mismatches occur when the boundaries of management do not coincide with the boundaries of the ecological entity (Christensen et al. 1996 , Folke et al. 1998 , Hobbs 1998 . Management regimes are also embedded into a larger social context of territorial divisions, politics, economics, and culture that might cause both spatial and temporal scale mismatches (Young 2002) . Temporal mismatches represent the discrepancies of the time horizons of planners and politicians relative to those of ecological and social changes (Christensen et al. 1996 , Folke et al. 1998 . A slow response by society to fast ecological changes is another example of temporal mismatch (Folke et al. 1998) . A match of functional scales means recognition of important ecological functions and processes, and their connections (Lugo et al. 1999) , as well as disturbance regimes (Engstrom et al. 1999 , White et al. 1999 . A functional scale mismatch includes the neglect of multiple crossscale interactions of ecosystems, and largely ignores the basic characteristic of an ecosystem as a complex adaptive system (Christensen et al. 1996) . There are several studies on misfits of scale between ecosystem dynamics and management regimes. Some examples are the misperception of scales of fish population dynamics within fisheries management (Wilson et al. 1999) , administrative divisions in management of long-distance migratory organisms and pollutants (Young 2002 ), management units not reflecting ecological dynamics in restoration of agricultural landscapes (Briggs 2001, Saunders and Briggs 2002) , and institutional frameworks unsuited for integration of development and conservation in forest projects (Brown 2003) . However, there is still a shortage of studies evaluating the occurrence of such scale mismatches in urban landscapes.
In this paper, we hypothesize that scale mismatches are more pronounced in urban landscapes than in most other social-ecological systems. The rationale for this is that a) urban social-ecological landscapes are extremely heterogeneous, meaning that the spatial land-use units are small, scattered, and dissimilar (cf. Pickett et al.1997 , Alberti et al. 2003 , Berling-Wolff and Wu 2004 , b) the multitude of spatially oriented subdivisions among different administrative tasks make it exceedingly hard to http://www.ecologyandsociety.org/vol11/iss2/art16/ coordinate and match to ever-changing ecological dynamics (Pickett et al. 1997 (Pickett et al. , 2001 ), c) the rate of disturbance and change is high (Collins et al. 2000 , Kinzig and Grove 2001 , Pickett et al. 2001 ) and d) there is very little space for ecological dynamics in time and space because a large part of the urban landscape is locked into intensive land use.
In order to test the current hypothesis of scale mismatches on a qualitative, empirical analysis of green-space management practices in the context of urban social-ecological complexity, the following research objectives were addressed: 
METHODS

Analysis Framework
For the analysis, two frameworks were synthesized: ecosystem management and hierarchical planning. To enable an empirical analysis of practical management of scales in the context of socialecological complexity, we used the theoretical framework of ecosystem management. Ecosystem management is based on an ecosystem approach, which means that it is the ecological considerations that govern management (Slocombe 1993 , Grumbine 1994 , Christensen et al. 1996 , Haufler et al. 1999 , Yaffee 1999 , Dale et al. 2000 . We used the theoretical criteria for ecosystem management, synthesized and published by the Ecological Society of America (Christensen et al. 1996) to investigate management practices. Of the eight criteria (Christensen et al. 1996) , four directly concern scale. Criteria 1) "long-term sustainability is a fundamental value" and 2) "attention to context and scale" cover spatial and temporal scales, whereas ecosystem management criteria 3) "understanding of complexity and interconnectedness" and 4) "recognition of the dynamic character of ecosystems" cover functional scales, including interactions of both spatial and temporal scales.
Ecosystem management used for protection, maintenance, and restoration of ecosystem services requires not only planning at multiple scales, but also crossing and linking of hierarchical scales to be able to recognize ecosystem dynamics. However, cross-scale issues create the most challenges for planning and management (Folke et al. 1998 , Holling et al. 2002 , Angelstam et al. 2003a , Lazdinis and Angelstam 2004 ). An approach to dealing with these cross-scale challenges has been developed for forest production systems (Weintraub and Cholaky 1991 , Jonsson et al. 1993 , Higman et al. 1999 ) that involves assessing and planning at different scales in a hierarchy: strategic, tactical, and operational (Raivio et al. 2001 , Angelstam et al. 2003a , Szaro et al. 2005 . The first process is strategic planning to decide long-term goals. In a conservation approach, this includes estimating regional gaps in the representation of different ecosystems (Scott et al. 1993 , Angelstam and Andersson 2001 , Lõhmus et al. 2004 . The second phase is the tactical planning, which means selecting from different alternatives within the strategic goals, but over a shorter time horizon and at smaller spatial scales. At this level, the functionality of the ecological networks for both viable populations and ecosystem processes needs to be assessed (Roberge and Angelstam 2004, Angelstam et al. 2004 ). The third phase in the hierarchy concerns operational planning for practical implementation at a local level over relatively short time perspectives, by incorporating the concepts of protection, practical management, and restoration (Angelstam 2003, Stanturf and Madsen 2005) .
The starting point for this study is the practical management of urban green spaces at the operational scale. The ecosystem management criteria were reformulated into analysis questions about how the scale hierarchy is handled in management (Table 1 ). The first ecosystem management criterion requires that long-term sustainability is a fundamental value in management. This criterion addresses the temporal strategic scale. Two questions were formulated concerning the main aim of management and whether long-term sustainability is an explicit goal of the management. The second ecosystem management criterion requires management to notice context and scale, and thereby addresses the full range of hierarchical scales, from operational to strategic, in both temporal and spatial senses. The Ecology and Society 11(2): 16 http://www.ecologyandsociety.org/vol11/iss2/art16/ temporally oriented analysis questions concerned the time perspectives in use, the short-term goals, and whether these goals are connected to long-term goals by monitoring and evaluation procedures. In addressing spatial scales, the questions concerned what levels of biological organization are managed and what are the boundary determinants, and the recognition of surrounding area management and the regional context. The third and fourth criteria address functional scales by requiring that management recognizes the complexity, interconnectedness, and dynamism of the ecosystem. The questions concerned the manager's perception of disturbances, management intensity, reasons for variation in management, and identification of ecological functions and processes.
Study Area and Data Collection
As part of the Millennium Ecosystem Assessment (Elmqvist et al. 2004) , the study was performed during the autumn of 2002 in five urban green spaces within the Greater Stockholm Metropolitan Area (GSMA), Sweden: the National Urban Park, the Stockholm Woodland Cemetery, the Flaten Nature Reserve, the Tyresta Forest, and the Tyresån Watershed (Fig. 1) . All the selected areas are part of the GSMA regional green structure (Append. 1). To ensure a good representation of the heterogeneity of this green structure, site selection was based on several parameters: distance to the city, degree of protection, property rights and management regime, main uses, size, and type of landscape (Table 2, Append. 2).
The main data sources were written management documents and interviews with key informants (Append. 2). As the focus was on current management practices, the written material was collected from a 10-year time span (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) , and included plans, referrals, annual reports, protocols, general descriptions, and information brochures (Table 2, Append. 2). This broad selection of written material covered the management from initiation, through planning and implementation, to revision and evaluation, and enabled analysis of both practices in use and management visions. The interviews clarified the documented data and added information about current management. The advantage to this kind of data combination is the broad basis on which it is gathered, which increases the validity of the analysis as a whole (Patton 1987) . To qualify as a key informant, one had to be either currently formally responsible for management at some level, or have been in the past. Open-ended key questions were formulated in advance, and more case-specific questions were created during the interviews. This flexibility was chosen for adaptation to each specific case and interview situation. In total, 20 key informants were interviewed and, depending on the management system and the relevance of the written material, the number of informants varied from one to eight (Table 2, Append. 2). The interviews lasted for 30-120 minutes. All informants were given the opportunity to approve the reviews based on the interviews.
Both the written material and the informant data were analyzed through the same ecosystem management criteria scheme (Table 1) . Details found in the analysis were classed as supportive or non-supportive to each ecosystem management criterion, hence indicating how scales are managed in the green spaces.
RESULTS
The results from the comparison of scale management in the five green spaces are presented in three sections (spatial, temporal, and functional scales), each with examples from the green spaces. A complete presentation of the results for each green space is found in Table 1 .
Spatial Scales
The analysis questions addressing spatial scales concerned the foundation of the boundaries of the area, the level of biological organization in management, the recognition of management of surrounding areas, as well as the broader regional context of the green space.
All the studied management systems are locally created and specific to each green space. Generally, the management boundaries are not based on ecological restrictions; rather they are decided by socioeconomic factors such as ownership, administrative divisions, or former land use. The exception is the Tyresån Watershed, where the geographical extent of the watershed defines the boundaries of management (Länsstyrelsen i Stockholms län 1996:1). In the Tyresta Forest, 
National Urban Park
-management levels: species (oaks), biotope, and landscape.* -boundaries are decided by land ownership and administrative divisions -examples of short-term goals are regeneration of oaks, leave forests for free development, garden management in the parks, improving water quality, and meadow restoration* -practical management is on an annual basis* (not all managers have an active management) -some management plans (from the 1990s) are under revision, whereas other managers are still developing their first plans* -current management plans lack priorities in time.
-historical material is used in management planning* -monitoring is very limited, except for the lake management* -there is no evaluation of practical management in relation to the management plans, except for the lake management* -neighboring formal stakeholders are part of the management cooperative forum.
-limited communication between managers within the area despite the existing cooperative forum (the lake manager is not part of the cooperative forum) -the regional green structure is mentioned in some management plans* -multiple biological levels are managed -historical material is used in management planning -short-term goals seem to be in line with main aim of the management -the practical lake management is connected to the management plan and long-term goals by continuous evaluation procedures -neighboring managers are involved in management* -the regional scale context is mentioned in plans* -boundaries are not based on ecological considerations -meso-term goals are not defined in the management plans* -evaluation procedures are missing, indicating a potential gap between practical management and the management plan and long-term goals* -limited communication between managers within the area
Stockholm Woodland Cemetery
-management levels: species (pines), biotope, and cemetery -boundaries are decided by land ownership -short-term goals concern satisfying the visitor's expectations of the cemetery, e.g., watering lawns and cleaning dead wood from the area, and also regenerating the pine forest -historical material is used in management planning -practical management is on an annual basis -the first plan from 1994 has not been revised and lacks priorities in time -there is no monitoring -there is no evaluation of practical management in relation to the management plan -no communication with neighboring stakeholders -the regional green structure is not mentioned in the management documents -multiple biological levels are managed -historical material is used in management planning -short-term goals seem to be in line with main aim of the management -boundaries are not based on ecological considerations -meso-term goals are not defined in the management plans -evaluation procedures are missing, indicating a potential gap between practical management and the management plan and long-term goals -no communication with neighboring stakeholders -the regional scale context is not mentioned in the management plans
Ecology and Society 11(2): 16 http://www.ecologyandsociety.org/vol11/iss2/art16/ Flaten Nature Reserve -management level: biotopes, e.g., forest, meadow, lake -boundaries are decided by land ownership and administrative divisions -short-term goals concern restoring meadows by clearing and grazing, leaving forests for free development, cleaning the nutrientoverloaded inflow to the lake, and developing public access -historical material is used in management planning -practical management is on an annual basis -the first plan from late 1990s has not been revised and lacks priorities in time -there is very limited monitoring in the terrestrial biotope -the lake is monitored and evaluated by water quality indicators on an annual basis -the terrestrial practical management is not evaluated in relation to the management plan -very limited communication with neighboring stakeholders -the managers are aware of the regional green structure but it's not mentioned in the management documents -historical material is used in management planning -short-term goals seem to be in line with main aim of the management -the practical lake management is connected to the management plan and long-term goals by continuous evaluation procedures -one biological level is managed -boundaries are not based on ecological considerations -meso-term goals are not defined in the management plans -evaluation procedures are missing for the terrestrial management, indicating a potential gap between practical management and the management plan and long-term goals -limited communication between managers in the area, e.g., division between meadow creation and lake management -limited communication with neighboring stakeholders -the regional-scale context is not mentioned in the management plans Tyresta Forest -management levels: species (endangered) and biotopes, e.g., forests and lakes -boundaries are decided by land ownership for the forest as a whole, the division between the national park and the nature reserve has an ecological basis -short-term goals concern enhancing accessibility, leaving the forest for free development and keeping the meadows open by clearing and grazing -practical management is on an annual basis -the first plans for the whole forest from 1993 have just been revised -the current plan lacks priorities in time -frequent monitoring, but not primary for management evaluation purposes -there is an annual revision of the management in relation to the management plan -limited communication with neighboring stakeholders -the importance of the forest as a core area in relation to the regional green structure is mentioned in the management plans ecological considerations determined the division between the nature reserve and the national park, but the outer boundary was set by socioeconomic determinants.
In all areas but the Flaten Nature Reserve, multiple biological levels are managed and the main management elements are patches of different biotopes within the green space. These biotope patches seem to be managed separately, without recognition of the interactions among them, e.g., lakes, forests, and meadows. One example of this is the lack of dialogue between the managers matching the hydrological links between land and http://www.ecologyandsociety.org/vol11/iss2/art16/ In several of the management documents, the GSMA regional green structure is mentioned as an important setting for management. However, interactions between the green space and the surrounding landscape, e.g., through potential ecological links (cf. Lundberg and Moberg 2003) such as green corridors, hydrological connections, and migrating organisms, are seldom matched by dialogue between neighboring managers. In practical management, the regional context, as well as the immediate surrounding area, are commonly neglected. In the Stockholm Woodland Cemetery, management efforts are limited to the area inside the wall that surrounds the cemetery. There is no dialogue between cemetery management and the different stakeholders in the important buffer zone surrounding the cemetery. When a development project was planned and later carried out at the southern boundaries of the buffer zone, the cemetery manager was not informed (Bo Olsson, pers. comm.). In the National Urban Park, especially important ecological links to the surrounding area have been identified, and some of the managers are also responsible for land-use planning and http://www.ecologyandsociety.org/vol11/iss2/art16/ management outside the park ( 
Temporal Scales
The temporally oriented analysis questions concerned the time perspectives in use, the shortterm goals, and whether these goals are connected to long-term goals by monitoring and evaluation procedures.
Short-term scales as well as long-term scales are recognized in green space management. In all but the Tyresta Forest, the managers have collected historical data that connects current ecosystem conditions to the broader temporal context of former land uses. Long-term sustainability is not an explicit goal in most green-space management, but is implicit in the main aim of preservation and protection in all the areas. Most practical management and reporting are done on an annual basis and seem to be connected to the main aims and long-term goals in the green spaces. In the Stockholm Woodland Cemetery, for example, the goal is to preserve the "original pine forest in perpetuity" due to the UNESCO World Heritage designation . In line with that goal, the managers have developed a program for pine tree regeneration as an annual activity directly linked to the long-term vision for the area Lehtimaa, pers. comm.) .
One important link between annual planning and the long-term goals are the management plans. The management plans in use date back to when the green spaces were assigned their current protection status in the 1990s, and most of them do not include a formal revision process, except for the Tyresån Watershed, where planned revisions are carried out every 6 th year (Länsstyrelsen i Stockholms län 2002a). According to the interviews, the plans are used only to a very limited extent for annual planning in the National Urban Park, the Flaten Nature Reserve, and the Stockholm Woodland Cemetery (Halling, pers. comm.; Niklasson, pers. comm.; Eriksson, pers. comm.; Jerry Nilsson pers. comm.; Lehtimaa, pers. comm.). One reason for this may be that these plans, except for those of Tyresån Watershed and small areas of the National Urban Park, are commonly formulated on the basis of the long-term goals, and lack temporal aspects of management activity priorities at shorter, mesoterm scales.
One way of verifying if the short-term goals, manifested in practical management activities, are aligned with long-term goals, is to monitor and evaluate the management impact. Our analysis revealed that the management of the Stockholm Woodland Cemetery, the Flaten Nature Reserve, and large parts of the National Urban Park lacks programs for monitoring and evaluation, meaning that annual practical management is not evaluated against the aim and long-term goals of management. The water courses are managed separately from the rest of the watersheds, and include regular monitoring, evaluation, and management revision, e.g., in the Flaten Nature Reserve and in the National Urban Park (Lindgren, pers. comm.).
Functional Scales
In the ecosystem management criteria of functional scales, recognition of spatial and temporal scale interactions is embedded, and many of the functional mismatches result from the abovedescribed scale management. The analysis questions concerned the manager's perception of disturbances, reasons for variation in management, and identification of key ecological processes and functions.
Ecology and Society 11(2): 16 http://www.ecologyandsociety.org/vol11/iss2/art16/ In all the green spaces, key ecological processes and functions are identified. For example, to sustain biodiversity in the forests, managers in the National Urban Park (Kungliga Djurgårdens Förvaltning 1993 , the Tyresta Forest (Matzon, pers. comm., Naturvårdsverket 1993), and the Flaten Nature Reserve (Stockholm stad 2002) leave dead wood in place. This is not the case in the Stockholm Woodland Cemetery because values other than ecological ones are given priority (Bo Olsson, pers. comm.) . Another example is that managers remove shrubbery, introduce grazing, and manually remove grass on overgrown, agricultural land in the National Urban Park (Niklasson, pers. comm.) Disturbance regimes constitute one aspect of ecological dynamics that has both temporal and spatial dimensions. All the investigated management practices aim to preserve and reintroduce disturbance regimes to enhance biodiversity. A significant natural disturbance in the Tyresån Watershed is variation in water level due to rainfall and the associated hydrological dynamics. The water level is and has been regulated at several sites, and both the natural and societal systems are adapted to this artificially controlled variation (Länsstyrelsen i Stockholms län 2002b). Uncontrolled, more natural water-level fluctuations would enhance biological diversity (Nilsson et al. 1997 , Nilsson and Berggren 2000 , Degerman et al. 2004 ), but would also cause societal damage in other parts of the watershed. This implies that, even if the disturbance regime is recognized, it is impossible to abolish regulation completely. Natural thinning within forest stands, caused by disturbances such as pests, fires, and storms, is important for regeneration of pines in coniferous forests (Messier et al. 1999 , Karlsson and Örlander 2004 , Hille and den Ouden 2004 . Although such disturbances are recognized at the Stockholm Woodland Cemetery, they are compromised by the cemetery's cultural functions (Kyrkogårdsförvaltningen 2003; Nordström, pers. comm.; Append.3) . To satisfy the multipurpose functions of the area, forest thinning artificially substitutes for natural disturbances. The above examples show that the multiple purposes of these urban green spaces result in smaller margins of ecological variation and dynamics.
DISCUSSION
This empirical study revealed general characteristics concerning recognition of ecological scales in the current green-space management of the GSMA. The five study areas were intentionally selected because of their differing characteristics, which reflect the heterogeneous nature of urban landscapes. We found that mismatches existed between management practices and ecological scales to varying degrees in every location. First, several scales were recognized in management practices, but crossscale interactions were often neglected. Second, spatial and temporal meso-scales are seldom prioritized in management. Compared with hierarchical planning, it is thus obvious that the tactical scale of green-space management in the GSMA is weakened (Fig. 2) .
Limited Cross-scaling and Neglected Mesoscales in the GSMA
In the studied green spaces, the managers' awareness of the importance of planning at several scales to guide management was expressed in a general multi-scale management approach. However, there was only very limited cross-scaling, indicating a limited awareness of ecosystem interconnectedness.
The need for long-term perspectives, such as those explicit in the sustainable development concept and climate change policies, has recently been acknowledged. These have been incorporated into the management plans for green spaces, but with limited connections to operational annual planning and daily practices. One reason for this is the limited recognition of temporal aspects in the management plans, which usually lack temporal priorities. Furthermore, an important temporal link that is missing in the management of these green spaces is http://www.ecologyandsociety.org/vol11/iss2/art16/ Fig. 2 . The main deficits in scale management of green spaces in the GSMA are neglect of meso-scales and limited recognition of cross-scale interactions.
programs for monitoring and evaluating both plans and practical management.
Concerning spatial scales, most of the management plans commonly mention the importance of the GSMA regional green structure. However, the combination of management reports and interviews revealed a limited awareness of ecological crossscaling, and neglect of the interactions with the surrounding urban landscape. This was evident in the lack of communications between neighboring stakeholders. Although it is important to safeguard the dynamics within the ecological boundaries of a management area, it is vital to recognize the interconnections between adjoining and surrounding landscapes and land-use types, because they have an impact on the green space. Large areas such as the Tyresta Forest may constitute core areas for the more isolated biotopes closer to the city, but even these rich areas can be hit by devastating disturbances, e.g., fires or pest outbreaks. In such situations, connections to other green areas may be crucial for recovery (cf. Nyström and Folke 2001).
The management view of the studied green spaces as spatially isolated and temporally static not only increases their vulnerability, but also results in counter-productive activities, such as the clearing Ecology and Society 11(2): 16 http://www.ecologyandsociety.org/vol11/iss2/art16/ and grazing of land near the eutrophic lake in the Flaten Nature Reserve. Even if functional scales are to some extent recognized within local and operational management, this lack of spatial and temporal cross-scaling inhibits recognition of the ecosystem dynamics. One probable source of the limited cross-scaling is the low priority given to meso-scales, expressed in management activities that are disconnected from the surrounding landscape, with plans incapable of bridging longterm and short-term goals (Fig. 2) .
Scale Mismatch in Urban Landscapes
The green spaces in this study have in common the fact that they are located in an urban context; a condition that we argue is an important contributor to the scale mismatches we found. The urban landscape is extremely heterogeneous, meaning that the spatial units are small and scattered (Hobbs 1998 , Pickett et al. 2001 , Alberti et al. 2003 , BerlingWolff and Wu 2004 , Zhang et al. 2004 . In this kind of landscape, one possible source of mismatch is the difficulty in coordinating the many subdivisions among different administrative tasks within this urban heterogeneity and matching them to an everchanging and interconnected ecological dynamic. This is exemplified in the National Urban Park and the Flaten Nature Reserve, where the watersheds are divided between different management authorities. Another clear example is the diversity of stakeholders in the National Urban Park and the limited communication among them is a clear example of how this urban heterogeneity may result in mismatched management. Furthermore, the high degree of landscape heterogeneity creates a challenging diversity already at the operational scale, manifested in the separated management of different biotope patches even within one manager's domain.
Even if the urban green spaces seem to be isolated islands in an intensively used and contrasting urban matrix, these areas interact with their surroundings, or are at least affected by it. The urban matrix may act as a source of air, light, and noise pollution, and is both a source of and barrier to flows of matter and energy (McIntyre and Hobbs 1999) . But these interactions are hidden by the sharp transitions in land use, or weak and threatened ecological links to other green spaces, and are therefore probably difficult to recognize and match in management. One of the most striking deficits in scale management found in this study was the limited communication with stakeholders in the areas surrounding most of the green spaces.
Urban landscapes are changing fast, driving frequent changes in both abiotic and biotic variables, such as disturbance regimes, temperature, and species composition (Pickett et al. 2001 , Zhang et al. 2004 ). The scale mismatch occurs when management is unable to respond to these rapid changes. In several cases, the management of the green spaces lacked programs for monitoring and evaluating that might enable more effective responses to rapid changes in the ecosystems. Overall, this pattern of scattered urban green spaces that interact with the larger, rapidly changing, urban social-ecological landscape might result in management with less opportunity for flexibility and recognition of ecological dynamics.
Within the fields of natural resource management and biodiversity conservation, there is growing recognition of the importance of ecological processes and functions, e.g., the need for disturbances such as forest fires and grazing, in maintaining biodiversity. But because a large share of the urban landscape is locked by intensive land use, there is limited or no space for allowing dynamism in management, at least not at larger scales that might have an impact outside the management boundaries. Another aspect of functional scale mismatch is that, compared with other ecosystems, urban green spaces commonly aim to satisfy multiple purposes within a small area, necessitating trade-offs, for example, between forest fires, public safety, and accessibility (Sandström et al. 2006b ). In this study, examples of these trade-offs are found in the Stockholm Woodland Cemetery, where dead wood is removed from the pine forests, and in the Tyresån Watershed, where water-flow regulation is necessary. In many urban landscapes, citizens do not directly depend on locally functioning ecosystems because the support for energy, resources, and waste retention is provided by ecosystems elsewhere (Rees 1997 , Folke et al. 1997 . These missing connections between citizens and the urban green spaces may result in limited common understanding of ecosystem complexity and dynamics (cf. Turner et al. 2004 ). The recreational values may, therefore, be perceived as easier to prioritize in management than, for example, arguing for the need to introduce disturbance regimes for sustained biodiversity. A possible strategy for handling this "multipurpose http://www.ecologyandsociety.org/vol11/iss2/art16/ dilemma" that is explicit in the urban context, may be zoning of urban green spaces, where different purposes are prioritized in different locations (Sandström et al. 2006b ).
Strategies for Scale Matching in Urban Landscapes
The scale mismatches found in this study indicate that the investigated green spaces are viewed as static and isolated entities within the urban landscape, not as integrated elements in a larger, complex, urban social-ecological system. As scale mismatches of this kind have been shown to cause non-functional ecological networks (Angelstam et al. 2003b) , it may slowly degrade the capacity of the urban ecosystems and the urban landscape as a whole to cope with future global changes. An important issue for the future sustainability of urban landscapes and regions is, therefore, to find and implement strategies that reduce or eliminate the disconnect we found in management practices between operational, tactical, and strategic scales. We suggest two complementary strategies for scale matching in urban landscapes. The first is to develop an integrative view of the whole urban socialecological landscape, and the second is to enable an integration of this view into practical management by creating adaptive governance systems.
Assuming that cities function as integrated socialecological systems, we argue that, in sustaining and developing an adaptive capacity for sustainable cities, urban landscape management must combine land-use policy with nature conservation. This is consistent with the on-going discussions within the urban planning realm about combining urban development and ecosystem preservation (cf. Ahern 1999 , Arendt, 1999 , Austin 2004 . As the urban green areas are both affected by and affect neighboring areas independent of land use, scales must be matched through cross-scale integration of all types of urban structures into management. We argue that the urban management challenge is to view the heterogeneous nature of the city as a complex, interrelated, dynamic landscape, with multiple patch types consisting of green spaces, transportation infrastructure, and built-up areas, etc. The suggested systemic view of cities is further supported by the current discussion on the need for a more dynamic, landscape-wide, management within biodiversity conservation (Lindenmayer and Franklin 2002 , Elmqvist et al. 2003 , Thorell 2003 , Bengtsson et al. 2003 ) and the more integrated, landscape approach is also discussed as a way to reduce vulnerability in this era of global change (da Fonseca et al. 2005 ).
Furthermore, we believe that, even if integrated in a holistic landscape management plan, the urban landscape still provides very limited ecological flexibility and, therefore, social flexibility is extremely important in these landscapes. Thus, the second strategy is to enable an urban governance system that allows institutional cross-scaling and flexibility. The needed adaptive governance includes testing a diversity of knowledge in practical management; a diversity of institutions linked across scales; and finally, acceptance of uncertainty as a precondition in all socialecological management (Folke et al. 2005 , Lebel et al. 2006 . International policy documents clearly state, both explicitly and implicitly, that ecological sustainability through an ecosystem approach is an important objective (UNEP 1998, Organisation for Economic Cooperation and Development 2001). Meanwhile, diverse new tools are needed for managers and researchers alike to address the challenges of urbanization. Since the mid-1990s, long-term sustainability visions and regional green structure planning have been added to green-space management regimes. Before that, these large-scale perspectives were missing. Recently, many regional policy tools have been developed to handle these management challenges, e.g., the European Water Directive, proposing a landscape management restricted by watershed boundaries. But these tools are not adapted to the specific urban socialecological realities discussed in this paper, and furthermore, seldom address both the need for crossscaling and adaptive governance that we suggest. In an era of global urbanization as part of several global environmental changes, there is an urgent need for adaptation of existing tools, such as the Convention on Biological Diversity, to the urban context, as well as creation of new urban sustainability policy frameworks, which further requires the development of new arenas for governance. Two examples of possible urban landscape management tools that may provide these kinds of arenas are: 1) the biosphere reserve concept of the UNESCO Man and the Biosphere Program and 2) the concept of Model Forests in urban landscapes.
Within a joint program run by Columbia University, the limits and possibilities of the biosphere reserve concept, used within the UNESCO Man and the http://www.ecologyandsociety.org/vol11/iss2/art16/ Biosphere Program, have been tested in several case studies that also include urban landscapes, e.g., Istanbul, Cape Town, and New York (AlfsenNorodom and Lane 2002). The biosphere reserve concept in use includes three functions: 1) conserving biodiversity at all levels of biological organization, 2) fostering economic and human development that is socioculturally and ecologically sustainable, and 3) providing support for research, monitoring, education, and information exchange (UNESCO 1995) . The second important aspect of this concept is the strategy of zoning, creating core areas, buffer zones, and development areas with different restrictions and priorities of values to be promoted (UNESCO 1995) . The urban case studies showed that the biosphere concept has the potential to provide a platform and a set of incentives for dialogue and reconciliation of conflicting urban interests, and is also applicable across disciplines, ownership types, and institutional boundaries (Alfsen-Norodom et al. 2004) . As the aim of a biosphere area is to create areas large enough to satisfy needs of both preservation and development within the same landscape management area, it promises to address both our suggestions. Many cities, including the GSMA, are situated in forested landscapes. Similar to the biosphere concept is the Model Forest concept developed in Canada. This program was extended internationally in 1992, when the International Model Forest Network was initiated (Besseau et al. 2002) . Model forests are used to implement sustainable management of forest resources by building partnerships with stakeholders in a given region. Some model forests include suburban and urban landscapes, e.g., the Eastern Ontario Model Forest encompasses forest, urban, and agricultural land, and the Reventazón Model Forest in Costa Rica provides 25% of the San José metropolitan area's drinking water. These two concepts are examples of tools that might be flexible enough to initiate the process of urban landscape management as we suggest.
Finally, the view of green spaces as static and isolated from the urban matrix that we found in this study may simply be a symptom of more consistent scale mismatches throughout urban landscapes. We hope that the trend toward incorporating multiple scales into management will help managers recognize meso-scales as being as important as long-term, regional and short-term, local scales. By recognizing meso-scales, managers can introduce a missing level of tactical planning that could connect strategic and operational levels in both time and space. The high heterogeneity of urban systems is unavoidable, and produces intensive interactions between every patch and its surroundings at all levels of scale. By taking advantage of the huge challenges presented by urban systems, of which only some are discussed here, we find that there are opportunities to learn and develop more flexible adaptive management policies that are more in tune with the dynamic nature of social-ecological landscapes.
Responses to this article can be read online at: http://www.ecologyandsociety.org/vol11/iss2/art16/responses/ http://www.ecologyandsociety.org/vol11/iss2/art16/
The Flaten nature reserve
This popular recreational area of 6 km 2 situated 10 km south of Stockholm City became a nature reserve in 2004 aimed to protect both recreational and nature values. The central lake is surrounded by flat-rock pine forests and former fields and pastures in the valleys, now overgrown. The agricultural activity has declined since the beginning of the 2000th century (Lindholm et al. 2001:1-2) and the overgrown fields and pastures are the focus of today's management. Some of the pastures have been restored by clearing away woody growth followed by annual grazing or manual grass removal as a measure for increased plant diversity, while the forests are left for free development. Since the 1950s the former fields are used by allotment garden association for recreational cultivation. In the late 1990s the level of phosphorus in the lake raised markedly because of sudden increased internal releases from the bottom sediments. To restore the once good water quality, the water manager Stockholm Vatten AB, created a sedimentation dam and also treated the bottom chemically. Stockholm Municipality owns the area and is also responsible for land management in co-operation with Skrubba Farm keeping the cattle for grazing and a local group of the Swedish Society for Nature Conservation managing a former pasture (Olsson 1 pers. com). Besides people from the five allotment garden associations, the area is frequently visited by the general public for recreation purposes.
The Tyresta Forest
The Tyresta Forest is situated 20 km south-east of Stockholm and since 1993 the core area is protected as a National Park, 19.7 km 2 , with two surrounding Nature Reserves, 27.3 km 2 (Naturvårdsverket 1993 ), acting as a buffer zone. The higher parts are covered with pine forests, Pinus sylvestris, and lower parts consist of mixed forests, wetlands and lakes. 70 per cent of the pine forest is older than 100 years, in some parts nearly 400 years old and these forests might harbour as many as 8000 species (Grundsten 2001) . The forest dynamics is characterised by continuously disturbances like storm felling and fires. Historically this has been a sparsely populated area with some smaller farms using the forest only for household requirements and three farms remain in function today. Already in the 1930s Tyresta was a popular recreation area and in 1936 the Stockholm Municipality bought the land to restore these values. During the 1960s and 1970s there were several exploitation plans paralleled with attempts to enhance the formal protection that succeeded in the 1990s (Magnusson 1993 ). The land is mostly owned by the State and partly by the Stockholm Municipality. The management has been delegated to Tyresta Foundation consisting of representatives from the municipalities, the Swedish Environmental Protection Agency and the Stockholm County Administration.
The Tyresån Watershed
The Tyresån Watershed covers about 240 km 2 with 38 lakes and approximately 200 000 inhabitants (Länsstyrelsen i Stockholms län 1996:1). The water runoff starts in the higher forested areas in the west and then continues through the valleys eastward, towards the Baltic Sea. A large part of the surrounding land within the watershed is concrete, which increase pollution and creates fast runoff. In 1993 representatives from the six municipalities in the watershed, Stockholm County Administration and two water treatment enterprises formed a working team aimed to coordinate their managements. In 1995 a management plan was agreed upon, prioritizing eutrophication, acidification, nature preservation and recreation. The watershed co-operation group has no authority to make decisions or take measures and thereby the management plan has no legal status. It is the municipalities that are responsible for implementing the co-operation agreements into their respective land use plans, while the Stockholm County Administration proposes activities and act as a consultant to the municipalities. This watershed is popular for public recreation both informal and organized, for example local fishing associations. There are also several landowners and user groups like farmers and foresters, who use the land for economical purposes.
